Abstract-Dye sensitized solar cells (DSSC) is the third generation of solar cells that promise a simple procedure and low cost material which can provide electricity by converting the light energy into electrical energy. DSSC is a sandwich-liked structure that consists of conducting electrodes, sensitizer and electrolyte. In this research, Carbon Quantum Dots (CQDs) and Reduction Graphene Oxide (RGO) are used as organic sensitizer for DSSC and then it will be examined by scanning electron microscopy, ultraviolet visible spectroscopy, Raman spectroscopy, and solar simulator to observe the optical properties, optical properties, quality and efficiency of DSSC respectively. The results show that RGO produce a higher efficiency compared to CQD as sensitizer in DSSCs.
INTRODUCTION
Solar Cells are one of the promising photonic devices that is able to convert the light energy into electrical energy without producing carbon dioxide which leads to global warming. Most of the first generation of solar cells is made up form crystalline silicon. Although the silicon solar cells produce high efficiency, but it has to deal with the high cost and complicated fabrication [1] . Then, the second generation has been developed using thin film, but it causes toxicity and still limited by the ShockleyQueisser limit [2, 7] . The third generation has been created to overcome the toxicity and produce low cost solar cells.
The third generation is a dye sensitized solar cells (DSSC) which is based on the concept of photosensitization of wide band-gap mesoporous oxide semiconductors [3] . It consists of electrodes (working electrode and counter electrode), photosensitizer, nanostructured wide bandgap semiconductor layer and electrolyte. Figure 1 shows the layer of the element inside the DSSCs. In DSSCs, the photosensitizer is responsible for light absorption and the subsequent electron-transfer reactions, and its quality. This factor will determine the power conversion efficiency (PCE) produce by the DSSCs. From the previous work, Ruthenium complex dye (N719 dye) and natural dye such as protoporphyrin IX (PPIX), xylenol orange (XO) and rose Bengal (RB) are commonly used for photosensitizer [3, 4, 5] .
The mechanism of DSSC is happening when light energy (sunlight) is irradiated into a dye and exciting electrons in the dye. Then, the electrons are injected into Titanium dioxide (TiO 2) and then diffuse into electrode. On the counter electrode, electrons are injected into the electrolyte and reduce I 3- ions to I -ions. After that, I -ions diffuse in the solution, reach the dye, give up electrons and are oxidized forming I 3- ions. This cycle is repeated causing power generation by light irradiation in the solar cells [6] . This shows how light energy can convert into electrical energy.
The purpose of this present work is to investigate the optical properties, quality and electrical properties of two different dyes by applying it as a photosensitizer in DSSC. Reduction Graphene Oxide (RGO) and Carbon Quantum Dots (CQD) are two types of dye that have been used to study the contribution as photosensitizer in DSSC. RGO and CQD have a potential to perform as a dye [1, 8, 9, 10] . Both dyes are characterized and fabricated as DSSC to calculate the PCE.
II. EXPERIMENTAL PROCEDURE

A. Examined Material
For fabrication of Dye Sensitized Solar Cells (DSSC), Titanium dioxide (TiO2) powder, acetic acid, DI water, surfactant triton x100, ITO (Indium Tin oxide coated glass) glass, ethanol, acetone, isopropanol, candle, tape, iodine redox couple electrolyte, and clipper were used in this research. For the dye, Carbon Quantum Dots (CQDs) and Reduction Graphene Oxide (RGO) were used For the DSSCs fabrication, experimental steps were done in two different parts, which are the preparation of the electrode and the preparation of DSSCs assembling. For the photo sensitizer, both dyes, RGO and CQD were synthesized by using Solvothermal method.
B. Preparation of Electrode
DSSCs consists of two different electrodes that has been sandwiched together, which are working electrode and the counter electrode. At the working electrode, Titanium Dioxide (TiO2) was used together with a dye to work as a working electrode that will absorb the light energy. Meanwhile, for the counter electrode, soot from the candle was used to act as a reflector to the unabsorbed light back to the cell.
To prepare the TiO2 paste, firstly, 1g of TiO2 powder was measured using the analytical beam and placed it inside a pestle and mortar. Then, 0.1ml of acetic acid was added to 50mL of DI water inside the 100ml beaker. The solution was stirred continuously for 2-3 minutes and this solution will work as stabilizers. After that, a drop of the stabilizer was added using a pipette into the TiO2 powder and then grind it constantly. Next, another drop of the stabilizer was added if the TiO2 powder is not in suspension form yet. After the TiO2 powder was in suspension form, a drop of surface surfactant (Triton x100) was added. The mixture was stirred slowly to prevent any bubbles and after that, the TiO2 suspension was stored in a small-capped bottle for 15 minutes to make sure the mixture is stable.
To prepare the electrode, two ITO glass slide (counter electrode and working electrode) was rinsed using acetone, ethanol and isopropanol. To prevent any dirt on the surface of ITO glasses, the glasses were sonicated with each solution for 10 minutes using ultrasonic. After the cleaning process was done, the ITO glasses were dried using a blower. After that, the conductivity of the glass was checked by using a multimeter.
There are two separate parts which are counter electrode and working electrode. For the counter electrode, the conductive side of the ITO glass was covered with soot. The ITO glass was gliding on the fire light up by the candle and the black stain was remained on the surface. Make sure all the black stain was fully covered the ITO glass (counter electrode). Then, the counter electrode was dried in a room temperature before it can be used. Next, for the working electrode, the conductive side was taped according to the surface area size using a tape to spread the TiO2 paste uniformly. The surface area was varied to observe the effect of differences in surface area of the photosensitizer. The tape was attached as shown in figure 2 . After that, a thin layer of TiO2 suspension was applied on the conductive side of ITO glass using doctor blading methods and let it dry for several minutes in a room temperature. After the working electrode was completely dry, the tape was removed carefully and then the working electrode was annealed at the temperature of 450˚C for 30 minutes using the furnace. Next, the working electrode was cooled down before it continue to the dye soaking proses. The photo electrode was soaked with two different dyes, which are RGO and CQD inside the 100mL beaker for 24 hours. After dye adsorption was completed, the dye bath solution was removed from the beaker. The working electrode was washed with fresh ethanol for two times to remove excessive unattached dye. Then, dry the working electrode was dried at room temperature and then it is ready to use. 
C. Preparation of DSSCs Assembling
First and foremost, the working electrode and counter electrode were sandwiched together and then, at the end of the electrode was clipped with a clipper at both sides. After that, the iodine redox couple was inserted which acts as an electrolyte between the electrode using a syringe. The overall feature of the DSSCs is shown in figure 3 . DSSCs is ready to be used. Figure 4 shows the photo obtained by using Scanning Electron Microscopy (SEM) and Field Emission Scanning Electron Microscopy (FESEM) with magnification of 10000 times and 50000 times respectively, concerning the morphology of Reduction Graphene Oxide (RGO) and Carbon Quantum Dots (CQD). Figure 4a shows the sheet of graphene oxide that have undergo the process of reduction. Therefore, the layer of sheet is decreased to a few layers only. The size of each sheet is less than five micrometers. The RGO is layer structured and folding as shown in figure 4b. The sheet is entangled with each other and have a lot of wrinkles. On the other hand, figure  4c shows the pattern and structure of CQD under microscopy. Quantum dots are attached to each other and gather creating a line as shown in figure 4d . The image of quantum dots cannot be seen clearly, because the microscopy cannot achieve higher magnification. 
III. RESULTS AND DISCUSSION
A. Physical properties of dyes
B. Quality of dyes
To confirm and verify the material used, Raman spectra analysis has been done to observe the graph obtained. The graph will shows the peak of the material and each material have their own peak in the graph. Figure 5a shows the graph of the RGO. The D peak is at 1360 nm while the G peak is at 1613 nm. To prove the peak of graphene usually the D peak is between 1300 nm to 1400 nm. Meanwhile, to prove the G peak for graphene is between 1500 nm to 1650 nm. On top of that, it must have the 2D peak, which can be seen at 2950 nm from the graph. The intensity of 2D must be higher that G peak. Therefore, it can be concluded that, it shows the presence of graphene in the graph. Meanwhile, CQD had a relatively high degree of graphitization. The D band related to defects in graphite while the G band related to sp2-hybridized carbon networks. The difference between RGO and CQD is the present of 2D peak in RGO graph. Figure 5b shows the Raman spectra graph for CQD. The D peak for CQD is at 1360 nm while the G peak is at 1615 nm. For CQD, The G band arises from the vibration of sp2 bonded carbon atoms corresponding to the mode in the 2-D hexagonal lattice of graphite. The D band is associated with the vibration of dangling bonds in the termination plane, corresponding to the disordered structure in the sp2 cluster of graphite. The ratio of intensities of D band and G band can be used to correlate the structural properties of graphite. From the calculation, the intensity value was 0.84, indicating the presence of nanocrystalline graphite nature of the material.
C. Photolunimescence of dyes
In the photoluminescence (PL) spectra as shown in figure  6a , the broad PL are ranging from 300 nm to 600 nm. The PL peaks gradually move towards longer wavelengths. The highest emission is at 550 nm. On the other hand, the emission for CQD is excited at 424 nm and 552 nm as shown in figure 6b. 
D. Performance of dyes in DSSCs
After the characterization of dyes have done, the dye was applied as a photo sensitizer inside the Dye Sensitized Solar Cells (DSSC). After that, to test the efficiency and performance of DSSC, solar simulator was used to measure the results. The parameter that varied in this project were the surface area of photosensitizer and the dye used, to observe the contribution towards the performance of DSSC. Table 1 shows four different results. The first DSSC sample, sample A was using RGO as a dye with the surface area of 1cm 2 . The current density and the open circuit voltage were low that leads to very low PCE, which is 1.59x10 -8 %. Then, the same dye, RGO was used but the surface area of photosensitizer was increased to 4cm 2 (sample C). The current density and the open circuit voltage for sample C were higher than sample A. Therefore, PCE for sample C was improved from 1.596x10 -8 % to 1.92133x10 -7 % compared to sample A.
For the second dye, CQD was used with the surface area, 1cm 2 (sample B). Sample B was achieved higher current density, open circuit voltage and power conversion efficiency (PCE) compared to sample A and C. This can be proved that, CQD can produce higher PCE compare to RGO. Next, CQD dye was applied in 4cm 2 DSSC, the result shows highest PCE compared to sample A, B and C. The PCE of sample D was slightly increased compared to sample B. This shows that the higher surface area can increase the performance of DSSC. Therefore, it can be concluded that, CQD has the potential to become a dye compared to RGO. On top of that, it also can be said that the bigger the surface area, the higher the PCE. Figure 4 shows the morphology of the two type of dyes used meanwhile figure 5 shows the quality of dyes. On top of that, photoluminescence range of the dyes are shown in figure 6 . Based on the results, Carbon Quantum Dots (CQD) product higher current density, open circuit voltage and fill factor compared to Reduction Graphene Oxide (RGO) as shown in table 1, which leads to higher power conversion efficiency (PCE). The surface area of the photosensitizer also gives an improvement to the performance of DSSC. 
